OPTICAL ALIGNMENT OF X-RAY M1CROANALYZERS 

FIELD OF THE INVENTION 

The present invention relates generally to 
instruments for X-ray analysis, and specifically to 
methods and devices for aligning such instruments to 
analyze a target area of a sample. 

BACKGROUND OF THE INVENTION 

X-ray microanalyzers use an X-ray beam to irradiate 
a small spot on a sample. The microanalyzer then detects 
X-rays that are emitted from the spot, by reflection, 
scattering or fluorescence, in order to determine 
properties of the sample with fine spatial resolution. 

For example, U.S. Patent 6,108,398, whose disclosure 
is incorporated herein by reference, describes an X-ray 
microf luorescence analyzer. A sample is irradiated with 
X-rays through a polycapillary optic, which focuses the 
X-ray beam to a spot about 50 jam in diameter. Multiple 
X-ray detectors, such as silicon PIN diodes, are arranged 
in a ring, centered over the spot, in order to capture 
the emitted fluorescent photons over a large range of 
angles. The X-ray detectors produce electrical signals 
in response to the incident photons. These signals are 
analyzed in order to determine the spectrum and intensity 
of the X-ray photons, which are indicative of 
characteristics of the sample at the spot, including its 
composition and layer thickness. The sample may be 
scanned horizontally relative to the analyzer (or the 
analyzer may be scanned over the sample) in order to 
measure the microf luorescence at different points on the 
sample . 
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SUMMARY OF THE INVENTION 

X-ray microanalyzers are useful for analyzing 
characteristics of small features on samples, such as 
circuit elements deposited on semiconductor wafers. The 
sizes of these elements may be substantially less than 1 
mm. Accurate alignment of the X-ray spot with the 
feature of interest is therefore important but may be 
difficult to achieve. In response to this need, 

embodiments of the present invention provide X-ray 
microanalyzers having an optical observation channel, 
which is aligned with the X-ray source and enables the X- 
ray spot to be precisely aligned with features of 
interest on the sample. 

There is therefore provided, in accordance with an 
embodiment of the present invention, apparatus for X-ray 
analysis of a sample, including: 

an X-ray excitation source, which is arranged to 
irradiate a spot on the sample with an X-ray beam; 

one or more X-ray detectors, which are arranged so 
as to define a ring around the spot, the ring having a 
gap therein, and which are adapted to receive X-ray 
photons from the spot on the sample and to generate a 
first signal in response to the photons that is 
indicative of a characteristic of the sample; 

an optical radiation source, which is aligned with 
the X-ray excitation source so as to illuminate the spot 
on the sample with optical radiation; and 

an optical detector, which is positioned in the gap 
in the ring so as to receive the optical radiation that 
is reflected from the sample, and to generate a second 
signal that is indicative of an alignment of the spot 
with a target area of the sample. 
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In one embodiment, the X-ray beam causes the sample 
to emit fluorescent X-ray photons, which are received by 
the one or more X-ray detectors, and the first signal is 
indicative of a composition of a feature of the sample in 
the target area. 

In an aspect of the invention, the optical radiation 
source is arranged to illuminate the spot from a position 
within the gap in the ring. In another aspect of the 
invention, the X-ray excitation source includes an X-ray 
optic, which is arranged to focus the X-ray beam onto the 
spot on the sample, and the optical radiation source and 
the X-ray optic are configured so that the optical 
radiation is also focused onto the spot by the X-ray 
optic . 

Typically, the apparatus includes a controller, 
which is adapted to align the X-ray excitation source 
with the sample responsively to the second signal, so 
that the spot is incident on the target area. 

There is also provided, in accordance with an 
embodiment of the present invention, apparatus for X-ray 
analysis of a sample, including: 

an X-ray excitation source, which is adapted to 
generate an X-ray beam; 

an optical radiation source, which is adapted to 
generate optical radiation; 

an X-ray optic, which is arranged to focus both the 
X-ray beam and the optical radiation onto a spot on the 
sample; 

one or more X-ray detectors, which are adapted to 
receive X-ray photons from the spot on the sample, and to 
generate a first signal in response to the photons that 
is indicative of a characteristic of the sample; and 
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an optical detector, which is arranged to receive 
the optical radiation that is reflected from the spot on 
the sample, and to generate a second signal that is 
indicative of an alignment of the spot with a target area 
of the sample. 

In one embodiment, the X-ray optic includes a 
polycapillary optic . 

The apparatus may include a movable reflector, which 
is positionable to direct the optical radiation toward 
the X-ray optic during the alignment of the spot with the 
feature, and which is repositionable to permit the X-ray 
beam to impinge on the X-ray optic after the alignment is 
completed . 

There is additionally provided, in accordance with 
an embodiment of the present invention, apparatus for X- 
ray analysis of a sample, including: 

an X-ray excitation source, which is arranged to 
irradiate a spot on the sample with an X-ray beam; 

an X-ray detector, which is adapted to receive X-ray 
photons from the spot on the sample, and to generate a 
first signal in response to the photons that is 
indicative of a characteristic of the sample; 

an optical radiation source, which is aligned with 
the X-ray excitation source so as to illuminate the spot 
on the sample with optical radiation; and 

an optical detector, which is arranged to receive 
the optical radiation that is reflected from the sample, 
and to generate a second signal that is indicative of an 
alignment of the spot with a target area of the sample. 

There is further provided, in accordance with an 
embodiment of the present invention, a method for X-ray 
analysis of a sample, including: 



4 



aligning an optical radiation source with an X-ray 
excitation source, so that a spot on the sample that is 
irradiated by an X-ray beam generated by the X-ray 
excitation source is illuminated with optical radiation 
generated by the optical radiation source; 

receiving the optical radiation that is reflected 
from the sample, and responsively to the received optical 
radiation, generating a first signal that is indicative 
of an alignment of the spot on the sampler- 
aligning the X-ray beam, responsively to the first 
signal, so that the spot coincides with a target area of 
the sample; and 

receiving X-ray photons from the spot on the sample 
after aligning the X-ray beam, and responsively to the 
received X-ray photons, generating a second signal that 
is indicative of a characteristic of the target area. 

In one embodiment, aligning the optical radiation 
source includes irradiating an alignment target with the 
X-ray beam, so as to cause the target to emit light from 
a point on the target at which the X-ray beam is 
incident, and aligning the optical radiation source with 
the point on the target. 

The present invention will be more fully understood 
from the following detailed description of the 
embodiments thereof, taken together with the drawings in 
which : 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a schematic side view of an X-ray 
microanalyzer with an optical alignment channel, in 
accordance with an embodiment of the present invention; 

Fig. 13 is a schematic, sectional view showing a 
detail of the microanalyzer of Fig. 1A; and 

Fig. 2 is a schematic side view of an X-ray 
microanalyzer with an optical alignment channel, in 
accordance with another embodiment of the present 
invention . 



DETAILED DESCRIPTION OF EMBODIMENTS 

Reference is now made to Figs. 1A and IB, which 
schematically illustrate an X-ray microanalyzer 20, for 
analysis of a sample 22 , in accordance with an embodiment 
of the present invention. Fig. 1A is a side view of the 
microanalyzer, while Fig. IB is a sectional view, taken 
along a line IB-IB in Fig. 1A, looking downward toward 
sample 22. The sample is typically planar, such as a 
semiconductor wafer, and is mounted on a motion stage 23. 
Alternatively, the sample may be stationary, and another 
motion device (not shown) may be used to move the 
elements of the microanalyzer relative to the sample. 

Microanalyzer 20 comprises an X-ray source 24, 
typically an X-ray tube, which irradiates a small spot on 
sample 22 with a beam of X-rays. In the exemplary 
embodiments shown here, a polycapillary X-ray optic 26 is 
used to focus the X-rays onto the sample, as described in 
the above-mentioned U.S. Patent 6,108,398. 

Alternatively, X-ray optics of other types, as are known 
in the art, may be used for beam focusing. Sample 22 is 
positioned so that the X-ray spot impinges on a target 
area 30 on sample 22. The target area typically 
comprises a particular feature of interest, such as a 
metal pad or plug formed on a semiconductor wafer. 
Target area 30 emits X-ray fluorescence, and the 
fluorescent X-ray photons are collected by an array of X- 
ray detectors 28, which are arranged in a ring, as 
described, for example, in U.S. Patent 6,108,398. 
Alternatively or additionally, the X-ray detectors may be 
used to detect scattering or reflection of X-rays from 
sample 22. The X-ray detectors generate signals, which 
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are processed, as is known in the art, in order to 
determine characteristics of target area 30. 

Although microanalyzer 20 includes three X-ray 
detectors 28 detectors in a ring around the X-ray spot 
(as shown in Fig. IB), the ring may alternatively include 
larger or smaller numbers of X-ray detectors. Further 
alternatively, instead of using several discrete X-ray 
detectors, a monolithic detector ring may be positioned 
around X-ray optic 26. Detector rings of this sort are 
described, for example, by Shimomura et al., in "Annular- 
type Solid State Detector for a Scanning X-ray Analytical 
Microscope, " Review of Scientific Instruments 66:9 
(1995), pages 4544-4546, and by Longoni et al., in X \A New 
XRF Spectrometer Based on a Ring-Shaped Multi-Element 
Silicon Drift Detector and on X-Ray Capillary Optics," 
IEEE Transactions on Nuclear Science 49:3 (2002), pages 
1001-1005. 

To facilitate alignment of the X-ray spot from 
source 24 on target area 30, microanalyzer 20 comprises 
an optical alignment assembly 32, which is located in a 
gap in the ring in place of one of the X-ray detectors 
(as seen most clearly in Fig. IB) . Alternatively, if a 
monolithic detector ring is used, a gap may be left in 
the monolithic ring to accommodate the optical alignment 
assembly. Assembly 32 comprises a optical radiation 
source 34, which may emit visible, infrared or 
ultraviolet radiation. Optics 36 focus the optical 
radiation from source 34 onto sample 22, and collect the 
optical radiation that is reflected from the sample onto 
a suitable optical detector 38. Optics 36 are aligned 
with X-ray optic 26 so that the beams of X-rays and of 
optical radiation impinge on substantially the same spot 
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on the sample. Initial alignment of assembly 32 with X- 
ray optic 26 may be accomplished, for example, using a 
test target that emits visible light when irradiated with 
X-rays. The target is irradiated by X-ray source 24 via 
optic 26, and elements of assembly 32, such as optical 
radiation source 34, are positioned and adjusted relative 
to the light emitted from the irradiated spot on the 
target. 

Detector 38 generates a signal in response to the 
reflected optical radiation, which is input to a system 
controller 40, typically a computer processor. 
Controller 40 analyzes the signal in order to determine 
whether X-ray optic 26 is properly aligned on target area 
30. If the controller finds that the X-ray beam is out 
of alignment, it may drive stage 23 to position the 
target area properly under the X-ray beam. Alternatively 
or additionally, the output of assembly 32 may be used to 
provide an image or other alignment indicator for use by 
an operator of microanalyzer 20 in adjusting the 
alignment of the X-ray beam. The optical signal may also 
be analyzed in order to determine whether the vertical 
distance between sample 22 and optic 26 is correct, so 
that the X-ray beam will be properly focused on the 
target area, and a vertical alignment element (not shown) 
may be driven to adjust the distance if necessary. 

Typically, detector 38 comprises an imaging 
detector, such as a CCD or CMOS detector array. Optical 
radiation source 34 and optics 36 are arranged to 
illuminate an area of sample 22 that is larger than the 
X-ray spot created by X-ray optic 26 and is approximately 
centered on the X-ray spot. The electronic image of the 
sample that is formed by detector 38 includes target area 
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30. This image is analyzed by controller 40 and/or 
observed by the operator of the raicroanalyzer while 
controlling stage 23 so as to center the target area in 
the image. A crosshairs or other alignment target may be 
optically or electronically superimposed on the image 
formed by detector 38 in order to indicate the point of 
incidence of the X-ray beam on the sample. 

Alternatively, source 34 and optics 36 may be used 
to create a small spot of optical radiation, which is 
aligned with the X-ray spot on sample 22 and is 
comparable in size to the X-ray spot or smaller. In this 
case, detector 38 need not comprise an imaging detector, 
and may simply detect the intensity and/or color of the 
light reflected from the sample. This configuration is 
useful particularly when target area 30 comprises a 
feature having different optical characteristics from the 
surrounding area of sample 22, for example, when the 
feature of interest is a metal pad surrounded by an area 
of dielectric material. Controller 40 may then simply 
drive stage 23 until it reaches a position in which the 
output signal from detector 38 has a desired, preset 
level, corresponding to the feature. 

Fig. 2 is a schematic side view of an X-ray 
microanalyzer 50, in accordance with another embodiment 
of the present invention. In this embodiment, optical 
radiation emitted by an optical radiation source 52 is 
focused by illumination optics 54 into X-ray optic 26. 
The polycapillary optic serves as a light guide for the 
optical radiation. A movable mirror 56 is used to direct 
the optical radiation into the X-ray optical path during 
alignment of the microanalyzer. Once the alignment is 
complete, mirror 56 is removed from the optical path, 
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allowing X-rays from source 24 to enter the 
polycapillary. Alternatively, a thin reflecting element, 
such as a pellicle, which reflects optical radiation but 
is substantially transparent to X-rays, may be used in 
place of mirror 56. The coaxial alignment of the X-ray 
and optical illumination beams may be implemented not 
only using polycapillary optics as shown here, but also 
using other types of X-ray optics, such as pinholes and 
curved focusing elements. 

The beam of optical radiation is focused by X-ray 
optic 26 to a small spot on sample 22, which coincides 
precisely with the X-ray spot created by source 24. 
Optical radiation reflected from sample 22 is directed by 
a mirror 58 and a collection lens 60 onto optical 
detector 38. The optical detector may comprise an 
imaging detector or it may simply sense the reflected 
light level, as described above. Although the reflected 
radiation is collected at a very low angle, this 
configuration is nonetheless adequate for aligning 
microanalyzer 50 with target area 30, because of the 
precise alignment between the X-ray and optical radiation 
beams. Alternatively, detector 38 may take the place of 
one of X-ray detectors 28, as in the configuration of 
Figs. 1A and IB, at the cost of slightly reduced 
throughput in the X-ray measurements. As a still further 
alternative, if X-ray detectors 28 are of a type, such as 
silicon diode detectors, that is also sensitive to 
optical radiation, then one or more of the X-ray 
detectors may be coupled to serve as optical detectors, 
as well. 

As a further alternative, optical radiation source 
52 may likewise be oriented, with suitable optics, to 
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direct the illuminating beam onto sample 22 at a low 
angle, so that it is not necessary to block the X-ray 
beam path while performing optical alignment. Detector 
38 may in this case be placed in either the position 
shown in Fig. 2 or within the ring of X-ray detectors 28, 
as shown in Figs. 1A and IB. Other configurations of 
optical illumination and detection elements implementing 
the principles of the present invention will be apparent 
to those skilled in the art. 

Although microanalyzers 20 and 50 are particularly 
suited for detection of X-ray microf luorescence, the 
principles of the present invention may similarly be used 
in optical alignment of other types of X-ray systems, 
such as systems for X-ray ref lectometry and X-ray 
scattering measurements. It will thus be appreciated 
that the embodiments described above are cited by way of 
example, and that the present invention is not limited to 
what has been particularly shown and described 
hereinabove. Rather, the scope of the present invention 
includes both combinations and subcombinations of the 
various features described hereinabove, as well as 
variations and modifications thereof which would occur to 
persons skilled in the art upon reading the foregoing 
description and which are not disclosed in the prior art. 
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